Context. The method of distance determination of eclipsing binaries consists of combining the radii of both components determined from spectro-photometric observations with their respective angular diameters derived from the surface brightness-color relation (SBC). However, the largest limitation of the method comes from the uncertainty on the SBC relation: about 2% for late-type stars (or 0.04 magnitude) and more than 10% for early-type stars (or 0.2 magnitude). Aims. The aim of this work is to improve the SBC relation for early-type stars in the −1 ≤ V − K ≤ 0 color domain, using optical interferometry. Methods. Observations of eight B-and A-type stars were secured with the VEGA/CHARA instrument in the visible. The derived uniform disk angular diameters were converted into limb darkened angular diameters and included in a larger sample of 24 stars, already observed by interferometry, in order to derive a revised empirical relation for O, B, A spectral type stars with a V-K color index ranging from -1 to 0. We also took the opportunity to check the consistency of the SBC relation up to V − K ≃ 4 using 100 additional measurements. Results. We determined the uniform disk angular diameter for the eight following stars: γ Ori, ζ Per, 8 Cyg, ι Her, λ Aql, ζ Peg, γ Lyr, and δ Cyg with V-K color ranging from -0.70 to 0.02 and typical precision of about 1.5%. Using our total sample of 132 stars with V − K colors index ranging from about −1 to 4, we provide a revised SBC relation. For late-type stars (0 ≤ V − K ≤ 4), the results are consistent with previous studies. For early-type stars (−1 ≤ V − K ≤ 0), our new VEGA/CHARA measurements combined with a careful selection of the stars (rejecting stars with environment or stars with a strong variability), allows us to reach an unprecedented precision of about 0.16 magnitude or ≃ 7% in terms of angular diameter. Conclusions. We derive for the first time a SBC relation for stars between O9 and A3, which provides a new and reliable tool for the distance scale calibration.
Introduction
The distance measurements to extragalactic targets in the last century revolutionized our understanding of the distance scale of the universe. The distance to the LMC is a critical rung on the cosmic distance ladder, and numerous independent methods involving, for instance, RR Lyrae stars (Feast 1997; Szewczyk et al. 2008; Pietrzyński et al. 2008) , Cepheids (Bohm-Vitense 1985; Evans 1991 Evans , 1992 Freedman & Madore 1996; Freedman et al. 2008) , or red clump stars (Udalski et al. 1998b,a; Pietrzyński & Gieren 2002; Laney et al. 2012 ) have been used to derive its distance.
⋆ Partly based on VEGA/CHARA observations The main goal of the long term program called the Araucaria project is to significantly improve the calibration of the cosmic distance scale based on observations of several distance indicators in nearby galaxies (Gieren et al. 2005) . Eclipsing binary systems are particularly important to provide the zero point of the extragalactic distances and study in detail populational dependence on other distance indicators like RR Lyrae stars, Cepheids, red clump stars, etc. Thirteen long period systems composed of late-type giants were analyzed in the LMC and SMC so far: eight in the LMC (Pietrzyński et al. 2009 (Pietrzyński et al. , 2013 , and five in the SMC (Graczyk et al. 2012 (Graczyk et al. , 2014 . For such systems, the linear dimension of both components can be measured with a precision up to of 1% from the analysis of high-quality spectroscopic and photometric data (e.g., Torres et al. (2010) ).
The distance to an eclipsing binary follows from the dimensions determined in this way, plus the angular diameters derived from the absolute surface brightness, which is very well calibrated for late-type stars (Di Benedetto 2005) . This conceptually very simple technique very weakly depends on reddening and metallicity, and provides the most accurate tool for measuring distances to nearby galaxies (Pietrzyński et al. 2013; Graczyk et al. 2014) .
However the heart of this method, the surface brightnesscolor relation, is very well calibrated only for late-type stars which significantly limits its usage. The late-type systems composed of main-sequence stars are usually faint, while those composed of giants have very long periods (several hundred days) that makes them very difficult to find. As a result, only about 45 late-type systems, well suited to precise distance determination have been discovered so far in the Magellanic Clouds by the Optical Gravitational Microlensing Experiment (OGLE) (Pawlak et al. 2013; Graczyk et al. 2011 ). On the other hand, many more relatively bright systems are known in nearby galaxies (Massey et al. 2013; Graczyk et al. 2011; Wyrzykowski et al. 2003 Wyrzykowski et al. , 2004 Bonanos et al. 2006; Macri et al. 2001; Mochejska et al. 2001; Vilardell et al. 2006; Pawlak et al. 2013) . Therefore, in order to derive the distance to nearby galaxies and to study the geometry of the Magellanic Clouds, it is imperative to calibrate surface brightness-color relation for early-type stars.
The purpose of this paper is to improve the SBC relation for early-type stars by using the resolving power of the Visible spEctroGraph and polArimeter (VEGA) beam combiner (Mourard et al. 2009 ) operating at the focus of the CHARA (The Center for High Angular Resolution Astronomy) Array (ten Brummelaar et al. 2005 ) located at Mount Wilson Observatory (California, USA). The CHARA array consists of six telescopes of 1 meter in diameter, configured in a Y shape, which offers 15 different baselines from 34 meters to 331 meters. These baselines can achieve a spatial resolution up to 0.3 mas in the visible which is necessary in order to resolve early-type stars. Early-type stars are very small in terms of angular diameter and can be affected by several physical phenomena, like fast rotation, winds, and environment, which can potentially bias the interferometric measurements. This paper is structured as follows. Section 2 is devoted to a description of the stars in our sample. In Section 3, we present the data reduction process and the method used to derive the angular diameters. Section 4 is dedicated to the calibration of the SBC relation, and we discuss our results in Section 5. We draw conclusions in Section 6.
VEGA/CHARA observations of eight early-type stars
We carefully selected eight early-type stars with a (V − K) color index ranging from -0.70 to 0.02. They are north hemisphere main-sequence subgiant and giant stars (δ > 4 o ) with spectral types ranging from B1 to A1. They are much brighter (with a visual magnitude m V ranging from 1.6 to 4.7) than the limiting magnitude of VEGA (about m V = 7 in medium spectral resolution). They are also bright in the K band (with a m K magnitude lower than 5.1) which makes it possible to track the fringes simultaneously with the infrared CLIMB combiner (Sturmann et al. 2010) . All the apparent magnitudes in V and K bands that we have collected from the literature are in the Johnson system (Johnson et al. (1966) , see also Mermilliod et al. (1997) ). The accuracy of their parallaxes π spans from 1.5% to Table 2 . Summary of the observing log. All the details are given in the Appendix (Tables A.1, A .2, and A.3) . N corresponds to the number of visibility measurements for each star. The reference stars used are also indicated (cf. 15%. The color excess E(V − K), the visual absorption A V , the effective temperature T eff , the mass M, the radius R, the luminosity L, the surface gravity log g, and the metallicity index [Fe/H] are listed in Table 1 . We emphasize that for our purpose (limbdarkening estimates; see end of Sect. 3.1), we do not need very precise estimates of the fundamental parameters of the stars in our sample, which explains why we do not provide any uncertainty on these parameters in the second part of Table 1 .
Among the eight early-type stars in our sample, there are six low rotators (λ Aql, γ Ori, γ Lyr, ι Her, 8 Cyg, and ζ Per) and two fast rotating stars (δ Cyg and ζ Peg). In the following, we define fast rotators as stars with v rot sin i > 75 km s −1 . A theoretical study which aims at quantifying the impact of fast rotation on the SBC relation for early-type stars is currently in progress and will be published in a forthcoming paper.
We observed our sample stars from July 23, 2011, to August 29, 2013, using different suitable triplets available on the CHARA array. A summary of the observations is given in Table 2.
The limb-darkened angular diameters
In this section, we describe how we derive the limb-darkened angular diameter for all the stars in our sample. Zorec et al. (2009); magnitudes from the General Catalogue of Photometric Data Mermilliod et al. (1997) ; (c) van Leeuwen (2007); (d) derived from Eq. 3 for stars with distances lower than 75 pc (λ Aql, ζ Peg, and δ Cyg), and from Eq. 4 for more distant stars (e) average value based on the literature (Wegner 1994; Pecaut & Mamajek 2013; Ducati 2002; Fitzpatrick 1999) , see the text for more explanations; Article number, page 3 of 13
Fig. 1.
The time sequences of raw visibilities of the science observations (light blue dots) are calibrated (blue dots) using the transfer function (red dots).
Data reduction and methodology
The first step is to calibrate the visibility measurements of our targets using observations of reference stars. These calibrators (Table 3) were selected using the SearchCal 1 software developed by the Jean-Marie Mariotti Center (JMMC) (Bonneau et al. 2006 ). The way this calibration is done is shown in Fig. 1 in the case of γ Lyr (data obtained on June 21, 2012, with the E1E2W2 three-telescope configuration). We used the standard sequence C6-S-C6 in which S is the target and C6 is the reference star. The light blue dots are the raw visibilities obtained on the science star for the three corresponding baselines: E2E1 (upper panel), E2W2 (middle panel), and E1W2 (bottom panel). Our VEGA measurements are typically divided into 30 blocks of observations, and each block contains 1000 images with an exposure time of 15 milliseconds. For each block, the raw squared visibility is calculated using the auto-correlation mode (Mourard et al. 2009 . The red dots in the figure represent the transfer function obtained by comparing the expected visibility of the reference star to the one that has been measured. This transfer function is then used to calibrate the visibilities obtained on the science target (blue dots). A cross-check of the quality of the transfer function is usually done for several bandwidths and over the whole night. Under good seeing conditions, the transfer function of VEGA/CHARA is generally stable at the level of 2% for more than one hour. The squared calibrated visibilities V 2 target obtained from our VEGA observations are listed in Tables A.1, A.2, and A.3. The systematic uncertainties that stem from the uncertainty on the reference stars are negligible compared to 1 Available at http://www.jmmc.fr/searchcal the statistical uncertainties, and are neglected in the rest of this study.
The calibrated visibility curves obtained for each star in our sample ( Fig. 2) are then used to constrain a model of uniform disk, that contains only one parameter, the so-called uniform disk angular diameter (θ UD ). This is performed using the LITpro 2 software developed by the JMMC (Tallon-Bosc et al. 2008 ). The following formula of Hanbury Brown et al. (1974b) provides an analytical way to convert the equivalent uniform disk angular diameter θ UD into the limb-darkened disk θ LD :
For each star, the limb-darkening coefficient U λ is derived from the numerical tables of Claret & Bloemen (2011) . These tables are based on the ATLAS (Kurucz 1970) and PHOENIX (Hauschildt et al. 1997) atmosphere models. The input parameters of these tables are the effective temperature (T eff ), the metallicity ([Fe/H]), the surface gravity (log g), and the microturbulence velocity. The steps for these quantities are 250K, 0.5, 0.5, and 2 km s −1 , respectively. The three first parameters are given in Table 1 and were rounded, for each star, to the closest value found in the table of Claret. The micro-turbulence velocity has almost no impact on the derived limb-darkened diameter (fifth decimal). We took arbitrarily 8 km s −1 for stars with T eft > 15000K and 4 km s −1 for stars with T eft < 15000K. We also consider the limb-darkening coefficient applicable to the R band of VEGA (U R in the following).
Results
The uniform disk angular diameter (θ UD ), the limb-darkening coefficients (U R ), and the derived limb-darkened angular diameters (θ LD ) are listed in Table 4 for each star in our sample. The value of θ LD ranges from 0.31 mas to 0.79 mas, with a relative precision from 0.5% to 3.5% (average of 1.5%). The reduced χ 2 red is from 0.4 to 2.9 depending on the dispersion of the calibrated visibilities. For γ Lyr, our result (θ UD = 0.742 ± 0.010 mas) agrees at the 1σ level with the measurements from the PAVO/CHARA instrument (θ UD = 0.729 ± 0.008 mas, Maestro et al. (2013) ). For γ Ori, our angular diameter (θ LD = 0.715 ± 0.005 mas) is consistent with the value derived from the Narrabri Stellar Intensity Interferometer (NSII) (θ LD = 0.72 ± 0.04 mas, Hanbury Brown et al. (1974a) ). For other stars with angular diameters lower than 0.6 mas (ι Her, λ Aql, 8 Cyg, and ζ Per) and for the two fast rotators (ζ Peg and δ Cyg) there are no interferometric observations available to our knowledge.
For the two rotators, we derive the apparent oblateness using the approximate relation provided by van Belle et al. (2006), their Eq. A1
, where R b , R a , M, and G are the major and minor apparent radius of the star, its mass, and the gravitational constant. We find
where R is the mean radius (see Table 1 ), while the rotational projected velocity v sin i is set to 140 km s −1 (Abt et al. 2002) . For δ Cyg, we find similarly (Slettebak et al. 1975; Gray 1980; Carpenter et al. 1984; Abt & Morrell 1995; Abt et al. 2002; . Consequently, our data might 
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( be sensitive to the expected gravity darkening intensity distribution and the flatness of the star. However, this also depends on the baseline orientation. For both stars, the three telescopes (Table 2) are aligned. Thus, even if our reduced χ 2 red are rather low (1.7 for ζ Peg and 1.2 for δ Cyg), we cannot exclude a bias on our derived limb-darkened angular diameters. In order to get a rough estimate of this bias, we only consider in first approximation the oblateness of the star while the gravity darkening is set to be negligible. As a consequence, if the orientation of the baseline is aligned with the polar or equatorial axis, we can estimate a maximum systematic error of about 0.039 mas (6%) for ζ Peg, while we find 0.047 mas (7%) for δ Cyg. We translate these uncertainties in terms of S v magnitude in Sect. 4.
The calibration of the surface brightness relation

Methodology
As already mentioned in the introduction, the SBC relation is a very robust tool for the distance scale calibration. The surface brightness S V of a star is linked to its visual intrinsic dereddened magnitude m V 0 and its limb-darkened angular diameter θ LD by the following relation:
Instead of S V , the surface brightness parameter F V = 4.2207 − 0.1S V is often adopted in the literature to determine the stellar angular diameters . In order to derive m V 0 , we first selected the apparent m V magnitudes for all the stars in our sample (Mermilliod et al. 1997) . These magnitudes are expressed in the Johnson system (Johnson et al. 1966) and their typical uncertainty is of about 0.015 mag. In order to correct these magnitudes from the reddening we then use the following formulae m V 0 = m V − A V , where A V is the extinction in the V band. Determining the extinction is a difficult task. We adopt the following strategy. For stars lying closer than 75 pc we use the simple relation
where π is the parallax of the stars [in mas]. This equation is standard in the literature (Blackwell et al. 1990; Di Benedetto 1998 . The corresponding uncertainty is set to 0.01 magnitude. For distant stars we derive the absorption using the (B-V) extinction (Laney & Stobie 1993) :
The difficulty is then to derive E(B − V). We have several possibilities. First, we use the so-called Q method, with Q = (U − B) − 0.72(B − V), which was originally proposed by Johnson & Morgan (1953) . The value of Q is derived for each star using observed UBV magnitudes from (Ducati 2002) . Then a relation between (B − V) 0 and Q can be found in Pecaut & Mamajek (2013) , and E(B − V) is finally derived using
Second, from the spectral type of the stars in our sample, we can derive their intrinsic colors in different bands using Table 5 of Wegner (1994) . We thus obtain (B−V) 0 , (V −R) 0 , (V −I) 0 , (V − J) 0 , (V − H) 0 , and (V − K) 0 . Once compared with the observed colors from Ducati (2002) 
, we derive E(B-V), E(V-R), E(V-I), E(V-J), E(V-H), and E(V-K), and we finally use Table 2 (col. 4) from Fitzpatrick (1999) and assume total to selective extinction ratio in B-band
A B E(B−V) = 4.1447 (Table 3 from Cardelli et al. (1989) ) to perform a conversion into E(B-V) using the following equations:
We finally obtain seven values of the extinction (Q method, and six values derived from Table 5 of Wegner (1994) ). These quantities are averaged and their statistical dispersion provides a realistic uncertainty (indicated in Table 1 for the VEGA sample). However, the Q method is applicable only for stars of class IV and V, while Table 5 of Wegner (1994) can be used only for spectral types O and B. We thus have in some cases fewer than seven values. And even, in the case of γ Lyr, for instance (which is an A1III star standing at a distance greater than 75 pc), we used other E(B − V) estimates available in the literature (see Table 1 ). The uncertainty on S V is finally derived from the uncertainty on m V (typically 0.015), the angular diameter (see Table 4 ), and A V .
In order to mitigate the effects from a somewhat erroneous calibration of the intrinsic colors, we recalculate (V − K) 0 from the derived E(B-V) value. First we calculate E(B-V) from averaging via Eq. 5-9. Then using this value and Eq. 9, we derive E(V-K) (given in Table 1) . From E(V-K), m V , and m K we obtain (V − K) 0 . The uncertainty on (V − K) 0 is derived assuming an uncertainty of 0.015 for m V , 0.03 for m K (following Di Benedetto (2005)), and the uncertainty on E(V-K), itself derived from the uncertainty obtained on E(B-V). The m V and m K magnitudes for the stars in our sample are given in Table 1 together with π, E(V − K), and A V . The derived values of the surface brightness for each star are given in Table 4 .
In order to calibrate the SBC relation, we also need to combine the eight limb-darkened angular diameters derived from the VEGA observations with different sets of diameters already available in the literature.
A revised SBC relation for late-and early-type stars
Historically, the SBC was first derived from interferometric observations of 18 stars by Wesselink (1969) using the (B-V) index. Five years later, the apparent angular diameters of 32 stars in the spectral range O5 to F8 have been measured using the NSII (Hanbury Brown et al. 1974a) . Based on this sample, and calibrated the SBC for late-type and early-type stars, respectively, but this was not done with the V-K color index. In order to constrain the SBC relation as a function of V-K we therefore use these 32 angular diameters (but 6 are rejected, see below). This is the first set of data we have used. We emphasize that the (V − K) 0 color index is usually used to calibrated the SBC relation because it provides the lowest rms and it is mostly parallel to the reddening vector on the Sv -(V -K) diagram. Moreover, for all the datasets we have considered, we have recalculated the (V − K) 0 and A V values in a similar way as for the VEGA objects (see Sect. 4.1).
More than ten years later, Di Benedetto (1998) made a careful compilation of 22 stars (with A, F, G, K spectral types) for which angular diameters were available in the literature and calibrated the SBC relation. Moreover, the direct application of the SBC relation to Cepheids was done by Fouque & Gieren (1997) and Di Benedetto (1998) . Later, 27 stars were measured by NPOI and Mark III optical interferometers and the derived high precision angular diameters were published by Nordgren et al. (2001) and Mozurkewich et al. (2003) , respectively. Finally, using a compilation of 29 dwarfs and subgiant (including the sun) in the 0.0 ≤ (V − K) 0 ≤ 6.0 color range, Kervella et al. (2004) calibrated for the first time a linear SBC relation with an intrinsic dispersion of 0.02 mag or 1% in terms of angular diameter. A short time later, Di Benedetto (2005) made the same kind of compilation but with 45 stars in the −0.1 ≤ (V − K) 0 ≤ 3.7 color range (accuracy of 0.04 mag or 2% in terms of angular diameter). We use this larger second data set for our analysis.
One year later, Bonneau et al. (2006) provided a SBC relation (as function of V − K color magnitude) based on interferometric measurements, lunar occultation, and eclipsing binaries. We compare our results with those of Bonneau et al. (2006) and also Di Benedetto (2005) in Sect. 5.
Recently, Boyajian et al. (2012) enlarged the sample to 44 main-sequence A-, F-, and G-type stars using CHARA array measurements. In addition, ten stars with spectral types from B2 to F6 were observed using the Astronomical Visible Observations (PAVO) beam combiner at the CHARA array (Maestro et al. 2013 ) and these recent CHARA measurements have been incorporated in our analysis.
However, in order to derive a SBC relation accurate enough for distance determination, one has to perform a consistent selec- Maestro et al. (2013) , and VEGA (this work), respectively. The red line corresponds to our fit when considering all stars. The rms of the difference between the surface brightness computed from our fit and measured surface brightness is presented in the lower panels (see the text for more detail). tion. Our strategy is the following: we consider all stars in multiple systems (as soon as the companion is far and faint enough not to contaminate interferometric measurements), fast rotators, and single stars. Fast rotating stars should be included as they improve the statistics of the relation (in particular for early-type objects), even if a slight bias is not excluded as discussed in Sect. 3.2 (see also next section). Conversely, we exclude stars with environments (like Be stars with strong wind) or stars with a strong variability. Following these criteria, we found seven stars to reject. The first one is Zeta Orionis (ζ Ori). Its angular diameter, measured by Hanbury Brown et al. (1974a) is most probably biased by a companion which was discovered later and with a separation of 40 mas (Hummel et al. 2000 (Hummel et al. , 2013 . Kappa Orionis (κ Ori) shows a P Cygni profile in Hα caused by a stellar wind (Searle et al. 2008; Stalio et al. 1981; Cassinelli et al. 1983) . Delta Scorpii (δ Sco) is an active binary star exhibiting the Be phenomenon (Meilland et al. 2013 ). Gamma2 Velorum (γ 2 Vel) is a binary system with a large spectral contribution from the Wolf-Rayet star (Millour et al. 2007 ). Zeta Ophiuchi (ζ Oph) is a magnetic star of O e -type (Hubrig et al. 2011) . Alpha Virginis (α Vir) is a double-lined spectroscopic binary (B1V+B4V) with an ellipsoidal variation of 0.03 mag due to tidal distortion (Harrington et al. 2009 ). The last one, Zeta Cassiopeiae (ζ Cas), is in the PAVO sample (Maestro et al. 2013) . It stands at 7σ from the relation. It is a β Cepheid and the photometric contamination by a surrounding environment and/or a close companion is not excluded (Sadsaoud et al. 1994; Nardetto et al. 2011) .
We finally end with 26 stars from Hanbury Brown et al. (1974a), 44 stars from Boyajian et al. (2012) , 9 stars from Maestro et al. (2013) , and 45 values of S v from Di Benedetto (2005) , to which we can add our eight angular diameters obtained with VEGA/CHARA. The total sample is composed of 132 stars (with −0.876 < V − K < 3.69), including 32 early-type stars with -1<V-K<0. Using this sample of 132 stars, we find the relation
with, C 0 = 2.624 ± 0.009, C 1 = 1.798 ± 0.020, C 2 = −0.776 ± 0.034, C 3 = 0.517 ± 0.036, C 4 = −0.150 ± 0.015, and C 5 = 0.015 ± 0.002. Uncertainties on coefficients of the SBC relation do not take into account the X-axis uncertainties on (V − K) 0 . This relation can be used consistently in the range −0.9 ≤ V − K ≤ 3.7 with σ S v =0.10 mag. This corresponds to a relative precision on the angular diameter of σθ θ = 46.1σ S V ≃ 4.6% derived from Eq. 5 of Di Benedetto (2005) . For stars earlier than A3 (−0.9 < V − K < 0.0), we successfully reached a magnitude precision of σ = 0.16 or 7.3% in terms of angular diameter. Figure 3a shows the resulting SB relation as a function of the (V − K) 0 color index for the five different data sets we have considered. The VEGA data appear in red in the figure. The residual O-C v , which is the difference obtained between the measured surface brightness (O) and the relation provided by Eq. 10 (C v ), is shown in Fig. 3b . In the following, we define σ + and σ − as the positive and negative standard deviation. We obtain σ + = 0.07 and σ − = 0.09 for 0 < V − K < 3.7 (late-type stars, dot-dashed line in the figure) and σ + = 0.13 mag and σ − = 0.18 mag for −0.9 < V − K < 0 (early-type stars, dotted line in the figure) . In Fig. 3c we derive the residual compared to the Di Benedetto (2005) relation (Eq. 2") which is applicable only in the −0.1 < V − K < 4 color domain. We obtain a residual (O-C d ) which are similar: σ + = 0.08 mag and σ − = 0.07 mag. This basically means that improving the statistics does not improve the thinnest of the relations. For this purpose, a homogeneous set of V and K photometry is probably required.
Discussion
We also compare our results with those of Bonneau et al. (2006) , which is, to our knowledge, the only SBC relation, versus V-K, provided for early-type stars in the literature (actually the relation is set from -1.1 to 7, their Table 2 ), but instead of using Eq. 2, they considered another quantity, . We therefore made a conversion to compare with the S V quantity. The residual (O-C b ) is shown in Fig. 3d . We find σ + = 0.10 mag and σ − = 0.11 mag for 0 < V − K < 4 (or late-type stars) and σ + = 0.23 mag and σ − = −0.23 mag for −1 < V − K < 0 (or early-type stars). These residuals are significantly larger then the ones obtained when using our Eq. 10 or Eq. 2" from Di Benedetto (2005) .
In Fig. 3a we also have indicated the fast rotating stars and binaries. In Fig. 4 we provide a zoom of the SBC relation over the -1 < V-K < 0.25 color range. In this zoom we have also indicated the uncertainties and the names of the stars in our VEGA sample. We find that the O-C v residual in the (V-K) color range -1 to 0 is σ = 0.06, σ = 0.17, and σ = 0.18, for stars in binary systems (6), for fast rotating stars (8), and for single stars (18). We note the following points:
First, we want to emphasize that a careful selection (by rejected stars with environment and stars with companions in contact), in particular in the range of -1<V-K<0 can significantly improve the precision on the SBC relation. We obtain σ ≃ 0.4 otherwise.
Second, the dispersion of the O-C residual for stars in binary systems is significantly lower (0.06) than to the one obtained with the whole sample (about 0.16), which indicates that interferometric and photometric measurements are not contaminated by the binarity.
Third, we obtain a large dispersion (σ = 0.17) for fast rotating stars. Five stars are beyond 1σ, while three are within, including ζ Peg in our VEGA sample (see Fig. 3b ). Delta Cygni (δ Cyg) is, in particular, at 2σ. In Sect. 3.2, we estimated the impact of the fast rotation on the angular diameters of ζ Peg and δ Cyg to be 0.039 mas and 0.047 mas, respectively. Using Eq. 2, it translates into a magnitude effect of ±0.150 mag and ±0.127 mag, respectively. As already said, fast rotation modifies several stellar properties such as the shape of the photosphere (Collins 1963; Collins & Harrington 1966 ) and its brightness distribution (von Zeipel 1924a,b) , which should be taken into consideration. However, studying these effects requires dedicated modeling, and this will be done in a forthcoming paper. Finally, in our VEGA sample, four stars are beyond 1σ from the relation, but when also considering the uncertainty in V-K, they remain consistent with the relation (see Fig. 4) .
Fourth, we calculate the SBC relation for luminosity classes I and II, III, IV, and V (Fig. 5) . We obtain the following results: We find a slight difference in the zero-points of these relations. Their dispersion is, however, similar, about 0.09 mag, which is slightly lower than the global dispersion of 0.16 mag that we obtain when considering the whole sample.
Conclusions
Taking advantage of the unique VEGA/CHARA capabilities in terms of spatial resolution, we determined the angular diameters of eight bright early-type stars in the visible with a precision of about 1.5%. By combining these data with previous angular diameter determinations, we provide for the very first time a SBC relation for early-type stars with a precision of about 0.16 magnitude, which means that this SBC relation can be used to derive the angular diameter of early-type stars with a precision of 7.3%. This relation is a powerful tool for the distance scale calibration as it can be used to derive the individual angular diameters of detached, early-type, and thus bright eclipsing binary systems. It will be used in the course of the Araucaria Project (Gieren et al. 2005 ) to derive the distance of different galaxies in the Local Group, for exemple M33. As the eclipsing binary method is independent of the metallicity of the star, it can be used as a reference to test the impact of the metallicity on several other distance indicators, in particular the Cepheids. In the course of the Araucaria project, we also aim to test the method consistently on galactic early-type eclipsing binaries using photometry, spectroscopy, and interferometry. 
